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Description 

FIELD OF THE INVENTION 
5 [0001] The present Invention relates to the manufacturing of a Thin Film Inorganic Light Emitting Diode. 
BACKGROUND OF THE INVENTION 

[0002] At present several thin film electroluminescent devices (ELDs) exist or are still In development. They are all 
10 characterized by one (or more) electroluminescent active layer(s) sandwiched between two electrodes. Optionally a 
dielectric layer may also occur. The substrate can be plastic or glass. 

[0003] The thin film ELDs can be subdivided into the organic and the inorganic based ELDs. The organic based thin 
film ELDs( 1 > are further subdivided into Organic molecular or Oligomeric Light Emitting Diodes (OLEDs) and Polymer 
Light Emitting Diodes (PLEDs). The inorganic ELDs on the other hand can be further subdivided into the High Voltage 
15 Alternating Current (H V-AC) ELDs and the Low Voltage Direct Current (LV-DC) ELDs. Amongst the H V-AC ELDs, one 
can distinguish Thin Film ElectroLuminescent Devices (TFEL devices orTFELDs) and Powder ELDs (PEL Devices or 
PELDs). Amongst LV-DC ELDs one can distinguish Powder ELDs (DC-PEL Devices or DC-PELDs) and thin film 
DC-ELDs, hereinafter called Inorganic Light Emitting Diodes (ILEDs). 

[0004] The basic construction of organic ELDs (PLED and OLED) comprises following layer arrangement : a trans- 
20 parent substrate (glass or flexible plastic), a transparent conductor, e.g. Indium Tin Oxide (ITO), a hole transporting 
layer, a luminescent layer, and a second electrode, e.g. a Ca, Mg/Ag or Al/Li electrode. For OLEDs the hole transporting 
layer and the luminescent layer are 1 0-50 nm thick and applied by vacuum deposition ; for PLEDs the hole transporting 
layer is 40 nm thick and the luminescent layer is 1 00 nm and applied by spin coating. Between both electrodes a direct 
voltage of 5 - 1 0 V is applied. 

25 [0005] For OLEDs the hole transporting layer and electroluminescent layer consist of low molecular organic com- 
pounds, including oligomers. E.g. N,N'-diphenyl-1 .V-biphenyM^'-diamine (TPD) can be used as hole transporter, and 
as electroluminescent compounds the aluminium (111) 8-hydroxyquinoline complex (Alq 3 ), polyaromatics (anthracene 
derivatives, perylene derivatives and stilbene derivatives) and polyhetero-aromatics (oxazoles, oxadiazoles, thiazoles 
etc.) can be used. The main advantages of these low molecular OLEDs include high fluorescent quantum yield, high 

30 purification and crystal growth capability and a wide selection of material design. Crystallisation of initially amorphous 
samples, production of exciplexes with other materials, and often high chemical reactivity create serious problems in 
their application to stable EL systems. Moreover, the layers are applied by using vacuum-vapour deposition techniques, 
which are often cumbersome and expensive. However, recently monochromic displays based on this principle are 
launched on the market by PioneeK 3 ). 

35 [0006] On the other hand the electroluminescent compounds that can be used in PLEDs are polymers like the non- 
conjugated polyvinylcarbazole derivatives (PVK) or the conjugated polymers like poly(p-phenylene vinylenes) (PPV), 
poly(3-alkylothiophene, poly(p-phenylene ethynylenes) etc. These high molecular weight materials allow for the easy 
preparation of thin films by casting, and showa high resistance to crystallization. The difficulties in purifiation procedures 
(and hence reproducability) and, mostly, a low fluorescent quantum yield, in addition to a complex structure and high 

40 sensitivity towards oxygen and moisture are severe drawbacks in their application to organic ELDs. 

[0007] As mentioned before, today, two kinds of HV-AC inorganic based ELDs exist < 2 ): PELDs and TFELDs. PEL 
Devices are used mainly for backlighting and low information content displays and can be manufactured on flexible 
substrates. TFEL devices are used for high Information content matrix displays and can only be produced on glass 
substrates, due to the high processing temperature needed. Their basic structure is essentially the same. A PELD 

45 consists of a transparent substrate, a transparent conductor (ITO), a luminescent layer of doped ZnS (50 ujn), an 
insulator/reflector layer (50 ujti), and a top electrode, e.g. Ag-paste. Between both electrodes an alternating voltage 
of 110 V and 400 Hz is applied. A TFEL device consists of a transparent substrate, a transparent conductor, and a 
luminescent phosphor layer (0.6 \un) between two moisture protective insulator layers (0.6 um), and a top electrode, 
e.g. evaporated metal. Between both electrodes an alternating voltage of 200 V and 400 Hz is applied. 

so [0008] For both devices, doped ZnS is used as the active luminescent layer. The doping centers (e.g., Mn 2+ , Cu + ) 
can be excited by the impact of injected electrons by means of a high electric field or by transfer of recombination 
energy towards an electroluminescent centre. These excited centers relax to the ground state by a luminescence 
process. Several mechanisms for the electroluminescence process have been proposed* 4 ). The Insulating layer for 
the PELD (screen printed BaT10 3 -powder + binder) fulfils three functions: (1 ) it prevents catastrophic breakdowns, (2) 

55 due to the high dielectric constant, the electric field will predominantly be focussed over the ZnS layer and (3) it will 
serve as diffuse light reflector, which increases the light output. For the TFEL device the vacuum deposited AI 2 O a 
prevents also catastrophic breakdowns and it functions as tunnelling barrier for the electron injection. The structures 
are completed by two electrodes, one of which should be transparent. 
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[0009] For the PEL device, theZnS layer comprises ZnS powder doped with copper ions and possibly other lements 
like chlorine and manganese mixed In an organic binder with a high dielectric constant like polyvinylidene fluoride or 
some kind of cyanoresin. The powders are prepared by high temperature sintering processes (> 700 °C) in order to 
allow diffusion of the dopants into the ZnS crystal matrix and integration of Cu x S-rich needles in- and outside the ZnS 

5 latice after cooling. For the HV-AC PELDs, the Cu x S-needles at the surface are chemically removed by etching with 
cyanide ions. This to ensure electrical isolating particles. After that the particles are provided with a moisture protective 
layer like Al 2 0 3 or NC (carbon-nitride) in order to increase the lifetime of the phosphor. The particle size of these 
powders varies between 2 - 20 urn. The dispersion of this powders can be used in a screen printing process in order 
to apply them in an electroluminescent layer with a thickness of 50- 100 u.m. 

10 [0010] Upon applying an electric field on the phosphor particles, charges (e.g. electrons) are generated inside the 
particles at stacking faults in the ZnS latice and/or in the Cu x S needles. These charges can move according to the 
direction of the applied field (AC). By this way recombination processes can occur whereby the recombination energy 
can be transferred to an electroluminescent centre (e.g. Cu + or Mn 2+ ). Also direct impact excitation of the luminescence 
centre can occur if the kinetic energy of the electron is high enough (ca 4 - 5 eV). These processes can give rise to 

is electroluminescence. 

[0011] Electroluminescence occurs normally at field strengths in the order of 1-2 MV/cm. For a layer thickness of 
100 pjn, applying 110 V results in a mean value of the field strength of 50 kV/cm. The Cu x S needles at the interior of 
the ZnS-particles increase locally the electric field strength by a factor of 50 to 1 00 resulting in field strength values of 
up to 1 MV/cm, thereby making electroluminescence possible. The thick layer causes a slow luminance-voltage re- 

20 sponse, making PEL devices unsuitable for display applications. 

[0012] General drawbacks of these PELDs are price (large amounts of products needed (about 1 50 g phosphor per 
square meter), the expensive BaT10 3 layer, the high driving voltages (around 110 V) and their inherent instability. The 
latter is caused by the slowly decrease in number of crystal stacking faults and Cu x S needles by applying an electric 
field (recrystallisation). The less stacking faults or Cu x S needles, the less charges (electrons) can be generated and 

25 hence a decrease in light output can be expected. 

[0013] For the TFEL device, the doped ZnS layer is preferably deposited by using the Atomic Layer Epitaxy tech- 
nology (Planar International), which also requires a high temperature sintering step, thereby limiting the substrates to 
glass substrates. The formed doped ZnS-layer is crystalline. This layer is sandwiched between two thin isolating Al 2 O a 
layers. Upon applying a high voltage, typically between 150 - 200 V, tunneling of electrons occurs through these AI2O3 

30 layers. Due to the high crystallinity of the ZnS layer, the electrons can travel freely under the influence of the applied 
electric field in this doped ZnS layer, thereby accumulating kinetic energy. At accumulation values of about 4 - 5 eV, 
impact excitation of the dopant can occur resulting in electroluminescence. The thin electroluminescent layer (1 - 1 .5 
u.m) shows a treshhold behaviour of the luminance-voltage curve, making this TFEL device suitable for display appli- 
cations. 

35 [0014] General drawbacks of this system are the slow and expensive production process and the necessity of com- 
plete protection against ambient humidity. 

[0015] Low voltage DC PEL Devices were developed by Vecht et aK 5 >. They used the same phosphor particles as 
for the AC-PELDs, but the conductive Cu x S-needles at the surface are not removed. The general construction consists 
of a transparent substrate, a transparent conductor (ITO), a doped ZnS phosphor layer (2Q\nm) t and a top electrode 
40 (evaporated Alu). 

[001 6] The phosphor layer is applied by means of the doctor blade technique or screen printing on an ITO conducting 
layer. Subsequently an Alu electrode is evaporated. Upon applying a direct current voltage of several volts (ITO pos- 
itive), the p-conductive Cu,<S starts moving towards the Alu electrode, thereby creating an insulating region (about 1 
u.m in thickness) next to the ITO layer within one minute or so. This results in a current drop which is associated with 
45 the onset of light emission. This process has been called the forming process. In this formed thin high resistive phosphor 
layer, high electric fields occur and electroluminescence is already possible at low voltages (typically between 10 and 
30 V). 

[001 7] Major drawbacks of this system are the irreproducability of the forming process and the necessity of complete 
encapsulation against moisture. Also the preparation of the phosphor particles requires high sintering temperatures. 
so No commercial devices based on this principle are on the market today. 

[0018] Recently, several research groups reported photo-f 7 ' 13 ) and electro luminescence^ 4-1 8 > from inorganic semi- 
conducting nano particles. 

[001 9] Colvin et al.< 14 > reported on the electroluminescence of CdSe nano-particles stabilized by hexane dithiol. They 
demonstrated EL for two devices comprising a spincoated double layer of CdSe and PPV on ITO and covered it with 
55 an evaporated Mg electrode. Depending on the voltage they observed emission from the CdSe (lower voltages) or 
from the PPV (higher voltages). 

[0020] Electroluminescence of CdSe quantum-dot/polymer composites was also reported by Dabbousi et al.< 15 >. 
They spincoated on ITO one single layer of CdSe nano-particles stabilized with trioctylphosphine oxide and mixed with 
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a polymeric hole transporter (PVK) and an electron transport species (an oxadiazole derivative of PVK, t-Bu-PBD). An 
aluminum electrode was subsequently evaporated. The system showed electroluminescence in reverse bias, and de- 
pending on the applied voltage the emission spectrum of the CdSe quantumdots or PVK was observed. 
[0021] Gao et al.( 1fi ) reported on the electroluminescence of self-assembled films of PPV and CdSe nano-particles. 
They could observe electroluminescence from the CdSe particles and/or from the PPV, depending on the applied 
voltage. 

[0022] These examples demonstrate the possible use of inorganic nano-particles with semiconductor properties as 
Light Emitting Diodes (ILED), in analogy with the OLEDs. However, the use of Cd- or Se-compounds can not be rec- 
ommended due to environmental problems that can be expected. 

[0023] Huang et al. ( 17 > reported the photo- and electroluminescence of a single layer of ZnSrCu nanocrystals spin- 
coated on a ITO substrate and evaporated with an aluminum electrode. ZnS and Cu x S are much more environmental 
friendly compared to CdSe. Also there was no need for organic hole or electron transporters, which can cause stability 
problems as is known in the organic PELDs. The drawback of their system lies in the fact that the synthesis of the ZnS: 
Cu particles is quite cumbersome and results in low yields. Polystyrene sulphonic acid is used as polyelectrolyte on 
which Zn and Cu ions are attached. Subsequently this polyelectrolyte is solved in dimethy If orm amide and reacted with 
H 2 S. By this way ZnS:C x S particles are formed. 

[0024] Que et al.< 18 ) reported photo- and electroluminescence from a copper doped ZnS nanocrystals/polymer com- 
posite. The synthesis of the nano-particles was carried out by using the inverse microemulsion method. After washing 
and drying the ZnS:Cu powder was redispersed in MEK with PMMA as a binder and spincoated on ITO and evaporated 
with an aluminum electrode. Green electroluminescence could be observed in both bias directions at 5 V. The drawback 
of the fabrication of this device is the low concentrations of the ZnS:Cu dispersion that can be obtained (ca 1 0" 3 M). 
Further it needs a well defined two phase system (soap/water). Also a drawback could be the solvent based spincoating 
dispersion. 
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OBJECTS OF THE INVENTION 

[0026] It is the object of the present invention to provide an easy and economical method for the manufacturing of 
a Thin Film Inorganic Light Emitting Diode device capable of emitting light under the influence of direct current. 
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SUMMARY OF THE INVENTION 

[0027] The objects of the present invention can be realized by providing a method for manufacturing a Thin Film 
Inorganic Light Emitting Diode device, said method comprising following steps: 
5 either, 

(1) preparing a nanoparticle dispersion comprising together ZnS doped with a luminescent centre (n-type semi- 
conductor) and Cu x S (p-type semiconductor) by precipitation from appropriate aqueous solutions of the respective 
ions, 

10 or, 

(V) preparing a first separate nanoparticle dispersion of ZnS doped with a luminescent centre (n-type semicon- 
ductor) and a second separate nanoparticle dispersion of Cu x S (p-type semiconductor), both by precipitation from 
appropriate aqueous solutions of the respective ions, 

(2) washing the dispersion prepared according to (1) or both dispersions prepared according to (V) to remove non- 
15 precipitated ions, 

(3) coating onto a first conductive electrode the dispersion resulting from steps (1) and (2), or a mixture of the 
dispersions resulting from steps (V) and (2) in one and the same layer, or the separate dispersions resulting from 
steps and (2) in two separate layers, 

(4) applying on top of said coated layer(s) resulting from step (3) a second conductive electrode, with the proviso 
20 that one of said first or second electrodes is transparent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

25 

Fig. 1 illustrates the construction of an ILED device according to example 1.4 (see furtheron). 
Fig. 1a represents the layer arrangement. It comprises a PET substrate 20, a first conductive ITO layer 21, a 
luminescent layer 22, and a second electrode layer of evaporated aluminum 23. Figures 1b, 1c and 1d separately 
represent the patterning of layers 21 , 22, and 23 respectively. Fig. 1e represents a top view of the complete pat- 
30 terned ILED. 31 represents a direct current-voltage source [\N source) connected to the ITO electrode and the 

aluminum electrode via contact points 32 and 33. 

Fig. 2 represents the electroluminescence spectrum at 6 Volt obtained with an ILED constructed with sample A3 
of example 1 . 

Fig. 3 represents the direct current-voltage curve (l/V curve) obtained with an ILED constructed with sample A3 
35 of example 1 . 

Fig. 4 represents the \N curve obtained with an ILED constructed with sample A5 of example 1 . 
Fig. 5 repesents the l/V curve obtained with an ILED constructed with sample D5 of example 4. 
Fig. 6 represents the \N curve obtained with an ILED constructed with sample E3 of example 5. 

40 DETAILED DESCRIPTION OF THE INVENTION 

[0029] The present invention will now be discussed in more detail on the hand of its preferred embodiments. 
[0030] In a first preferred embodiment zinc ions, copper ions and sulfide ions are mixed together from aqueous 
solutions in order to prepare a Zn(Cu)S dispersion. Three solutions are prepared, the first being a solution of a Zn 2+ 

45 salt, e.g. ZnCI^HgO, the second being a solution of a sulfide, e.g. Na 2 S.9H 2 0, the third being a solution of a Cu 2+ 
salt, e.g. CuCI 2 . Concentrations between 0.2 and 2 M are preferred. The three solutions are preferably mixed according 
to the double jet principle. A little amount of sodium sulfide solution is added to the copper chloride solution and then 
the zinc chloride solution and the sodium sulfide solution are added simultaneously under controlled conditions of time 
and flow rate to the copper chloride solution. To be useful the amount of copper ions can vary from about 1 % to about 

so 20% vis-a-vis the amount of the zinc ions. 

[0031] The resulting nanoparticle dispersion, or predispersion as it will be called in the examples, has to be washed 
and concentrated. This is preferably done by a diafiltration treatment. The diafiltratlon is preferably performed in the 
presence of a compound capable of preventing agglomeration of nanoparticles. The nature of this compound is not 
restricted to a particular chemical class but can be chosen from various chemical types. Preferred compounds are 

55 polyphosphoric acid or a polyphosphate such as sodium polyphosphate, a hexametaphosphate such as sodium hex- 
ametaphosphate, and thioglycerol. 

[0032] In a next step a surfactant may be added to the concentrated dispersion. Any of the numerous known sur- 
factants can be used but a preferred product is a commercial saponine. 
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[0033] The resulting nanoparticle dispersion is a mixture of two phases, on the one hand a dispersion of zinc sulfide 
doped with copper ions (2nS:Cu), and on the other hand a separate phase consisting of Cu x S. The coexistence of two 
phases is due to the low solubility (0.04%) of copper ions in solid ZnS. The ZnS:Cu phase is a n-type semiconductor, 
while the Cu x S is a p-type semiconductor. 
5 [0034] In orderto prepare the dispersion for coating a binder may be added. Preferred binders are aqueous solutions 
of polyvinyl alcohol (PVA), polyvinyl pyrrolidone (PVP), polystyrene sulphonic acid (PSSH) and a complex of poly 
(3,4-ethylenedioxythiophene) and polystyrene sulphonic acid (PEDOT/PSSH). Adding of these binders improves the 
stability of the nanoparticle dispersions. 

[0035] When a thus prepared nanoparticle dispersion is incorporated between two conductive electrodes a so-called 
10 Thin Film Inorganic Light Emitting Diode (ILED) is formed. This will now be explained in more detail. 

[0036] The dispersion is coated on a patterned (see fig. 1 in the example section) first conductive electrode. In one 
preferred embodiment this conductive electrode is an ITO (Indium Tin Oxide) electrode. Thin transparent electrodes 
of evaporated Ag, Au, ... can also be used. The transparent electrode is preferably applied on top of a plastic substrate, 
e.g. a polyester substrate such as a polyethylene terephthalate substrate, but a glass substrate can also be used. In 
15 case the top-electrode (second electrode) is transparent, a non-transparent electrode on glass or plastic can also be 
used (e.g. Al, Ca, Ag, Mg, Au, etc.) as first electrode. 

[0037] in a preferred alternative embodiment the first conductive electrode is a foil comprising a polythiophene/ 
polyanion conductive complex. Preferably this complex is a poly(3,4-ethylenedioxythiophen)/polystyrene sulphonate 
complex. A foil comprising such a conductive complex is commercially available as ORGACON, (registered trade name 
20 of Agf a-Gevaert N.V.). 

[0038] The dispersion to be coated can be applied on top of the first electrode by any suitable coating technique. 
For the manufacturing of a small prototype spincoating is mostly preferred, but for larger areas doctor blade coating 
or continuous coating techniques such as used in photographic emulsion coating like air knife coating or curtain coating 
can be used. The obtained thickness of the dispersion layer is dependent from the nature and concentration of the 

25 binder, and from the coating conditions. This thickness is preferably between 50 and 1000 nm. 

[0039] Finally, a second conductive electrode is applied on top of the coated layer. At least one of the conductive 
electrodes must be transparent. In a preferred embodiment the second conductive electrode is an aluminum electrode 
(cathode) applied by vacuum deposition. Also Ca, Mg, LIF/Al, Ag can be used. In case the bottom electrode used is 
non-transparent (Al, Ag, ...) a transparent electrode should be applied on top of the spincoated ZnS:Cu x S layer. This 

30 can be done by spincoating a PEDOT/PSS dispersion, or by sputtering an ITO layer on top of it, or by evaporation of 
a thin and transparent conductive metallic layer like Al, Ag, Au, ... 

[0040] When the resulting device is driven at different direct current bias voltages greenish electroluminescence at 
515 nm can be observed starting from a certain turn-on voltage, usually from 4 V on. In some cases diode behaviour 
together with electroluminescence in both bias directions is observed, as will be shown furtheron by the examples. 

35 [0041] In an alternative embodiment the n-type ZnS:Cu dispersion and the p-type Cu x S dispersion are not precipi- 
tated together but separately from the appropriate ion solutions. Both separate dispersions may then be mixed before 
the coating step, e.g. after separate diafiltration treatments, or after separate addition of a binder to the two dispersions. 
In still another alternative embodiment the two separately prepared dispersions are not mixed at all but are coated in 
two separate layers on top of each other in a double layer assemblage. In these alternative embodiments also green 

40 luminescence could be generated. 

[0042] In a further preferred embodiment according to the present invention a dispersion containing a mixture of zinc 
sulfide doped with manganese (and possibly copper ions, depending on the precipitation conditions), and of a Cu x S 
phase are prepared. Again the precipitation is preferably performed according to the double jet principle. For instance, 
a little amount of a sodium sulfide solution is added to a copper(ll) chloride solution. Then a solution containing both 

45 zinc chloride and manganese acetate, and the sodium sulfide solution are added simultaneously under controlled 
conditions to the copper(ll) chloride solution. A mixture of Zn:Mn,Cu and Cu x S dispersions Is obtained. The further 
preparation steps of the dispersion and the incorporation into an Inorganic Light Emitting Diode proceed similarly to 
the first embodiment. Again, according to alternative embodiments, a separate ZnS:Mn,Cu or ZnS:Mn dispersion, and 
a separate Cu x S dispersion can be prepared. The dispersions can be mixed before coating or they can be coated in 

50 separate layers according to a double layer assemblage. In all these embodiments wherein manganese is incorporated 
orange-yellow electroluminescence can be generated when applying the appropriate turn-on voltage. 
[0043] It should be clear that ZnS can be doped with any ion that creates a luminescent centre as there are Ag, Eu, 
Tb, Au, etc.. 

[0044] The present invention will now be illustrated by the following examples without however being limited thereto. 

55 
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EXAMPLES 

1 . Green mltting single layer ILEDs 

1 .1 . Preparation of the Zn(Cu(1%»S-dispersion : 
[0045] The following solutions were prepared : 



Solution 1 




ZnCI 2 .2H 2 0 
Water 


81.76g 
to 600 ml 



Solution 2 




Na2S.9H 2 0 
NaOH (50%) 
Water 


141 .6 g 
3.6 ml 
to 600 ml 



Solution 3 




CuCI 2 
Water 


0.85 g 
to 800 ml 



[0046] The ZnS:Cu dispersion was prepared as follows : 

[0047] To solution 3, stirred at 1 500 rpm at room temperature, was firstly added 0.5 ml of solution 2. Subsequently, 
solutions 1 and 2, both held at room temperature, were added simultaneously at a flow rate of 500 ml/min to solution 
3. This is the predispersion A comprising ZnS:Cu - particles. 

1 .2. Washing of the Zn(Cu)S - dispersion : 

[0048] To 1000 ml of predispersion A, 1000 ml of a 2% Na-polyphosphate solution in water was added and this 
dispersion was diaf iltrated through a Fresenius F60 cartridge. The dispersion was concentrated to 1 000 ml and washed 
at this level by using 6000 ml of a 2% solution of Na-poiyphosphate in water. 

[0049] After the washing, this dispersion was concentrated by means of the diaf iltration set-up to a concentration of 
about 35 g ZnS/l. Subsequently 1 ml of a 1 2.5% solution of Saponine Quillaya (Schmittmann) in water/ethanol (80/20) 
solution per 20 ml dispersion was added. This is dispersion A. 

[0050] The dispersion was analysed for its particle size distribution (weight average d^ with the Disc Centrifuge 
Photosedimentometer Brookhaven BI-DCP. A weight average particle size diameter of about 1 05 nm was obtained. 
[0051] Although particle sizes could be measured with DCP, no clear particles could be visualized by Electron Mi- 
croscopy (SEM, TEM). The measured particle sizes are probably due (as revealed by EM images) to aggregates of 
nano-sized particles( 6 ). This is further confirmed by the fact that ultrasonic treatment before the DCP measurement 
clearly influences the obtained particle size distribution. The longer the time between the ultrasonic treatment and the 
DCP-measurement, the larger the obtained values for the weight average particle size. Also the polydispersity increas- 
es. 

[0052] XRD-measurements indicate low crystalline ZnS, however the obtained diffraction signal was used in the 
Debye-Scherrer equation to calculate the crystalline particle size. Depending on the precipitation conditions, particle 
sizes between 1 .5 and 5 nm were found. 

[0053] Another indication that the primary particles are indeed much smaller as revealed by DCP-measurements, is 
the fact that the absorption edge of the ZnS-dispersion and/or iayer shifts to shorter wavelengths if compared with bulk 
ZnS (~ 330 nm). This is a well known phenomenon in quantum dots^). Depending on the precipitation conditions, 
values of the absorption edge for the ZnS dispersions or layers between 275 and 31 0 nm were found, indicating, 
according to the Brus equation^ 19 ), particle sizes between 1 .5 and 5 nm. 

[0054] Although that the DCP technique does not give information about particles smaller then 10 - 20 nm in case 
of real nano-particle dispersions the technique gives important information about the largest aggregates present in the 
dispersion. By applying layer thicknesses by means of spincoating of about 200 - 400 nm, it is important that the weight 
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average particle size diameter as found by DCP after ultrasound treatment, which is also used before spincoating, 
stays below 150 nm and more preferably below 100 nm In order to obtain smooth layers. 

1 .3, Making of the coating dispersions : 

5 

[0055] To dispersion A, a binder was added according to table I, in order to stabilize further the dispersion and allow 
for an homogeneous coating. 



Table I: 



10 






Binder 


I llcUl cLll»dl VUlUnib? IdLIU £—\ lo/ 

Polymer In the layer 




A1 


7 A ml 


1^ ft ml r%f a ^ Q°/L nnl\/ch/rono 

sulfonic acid in water 


10/90 


15 


A2 


16.8 ml 


^ 9 m I of r R%* nnlvQtvrAnf* Qiiifnniri 
<j.c 1 1 ii vi o o.o /o fjuiyoiy i d ic buiiui hi* 

acid in water 


50/50 




A3 


19.1 ml 


0.9 ml of a 5.8% polystyrene sulfonic 
acid in water 


80/20 


20 


A4 


6.7 ml 


13.3 ml of a 5% polyvinylalcohol 
(POLYVIOL W40; Wacker Chemie) 
in water 


10/90 


25 


A5 


16.4 ml 


3.6 ml of a 5% polyvinylalcohol 
(POLYVIOL W40; Wacker Chemie) 
in water 


50/50 




A6 


18.96 ml 


1 .04 ml ml of a 5% polyvinylalcohol 
(POLYVIOL W40; Wacker Chemie) 
in water 


80/20 


30 


A7 


16.4 ml 


3.6 ml of a 5 % Polyvinylpyrrolidone 
(LUVISKOL K-90; BASF) 


50/50 




A8 


18.96 ml 


1 .04 ml of a 5 % Polyvinylpyrrolidone 
(LUVISKOL K-90; BASF) 


80/20 



35 



1 .4. Preparation of the Thin Film inorganic Light Emitting Diodes on ITO: 

[0056] The device construction is depicted in figure 1. Fig. 1a shows the layer assemblage. ITO (21) on a PET 
substrate (20) (6 cm x 6 cm x 175 u,m) with a surface conductivity of about 80 Ohm/Sq was patterned by using HNO a . 

40 Two borders of about 1 .5 cm were treated with HN0 3 in order to distroy the conductivity. The resulting material com- 
prises a conductive area in the middle of the material with dimensions 6 cm x 3 cm. Subsequently the coating dispersions 
were spincoated on this substrate. The dry layer (22) thickness varied between 150 and 400 nm depending on the 
binder and the rotation frequency of the spincoater. A 300 nm thick aluminum electrode (23) (cathode) was vacuum 
deposited on the spincoated ZnS:Cu/binder layer at 10" 6 To rr through a mask. The emission area was 25 mm 2 . Figures 

45 1b, 1c and 1d separately show the patterning of the different layers, and Fig. 1e shows a top view of the complete 
patterned ILED. 

[0057] The device was driven at different direct current bias voltages. Table II lists the turn-on voltages at which 
green electroluminescence at 515 nm was observed. An example of an electroluminescence spectrum is shown in 
figure 2. The electroluminescence started as soon as currents of 5 - 15 mA were attained. This currents correspond 
so to an exponential offset of the l/V-curve (diode behaviour), as is examplified in figures 3 and 4. In some cases diode 
behaviour together with electroluminescence in both bias directions was observed. Life times are listed more quanti- 
tatively: A means EL light was only observed for less then 5 seconds, B means It was observed between 5 seconds 
and 3 minutes and C means that the electroluminecence could be observed for longer then 3 minutes. 

55 
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Table II: 



JLEDs on ITO 


Sample 


Bias 


Turn-on 
Voltage 


EL 
Brightness 


Life Time 


Bias 


Turn-on 
Voltage 


EL brightness 


Life Time 


A1 


+ 


15 V 


++ 


B 




/ 


/ 


/ 


A2 


+ 


/ 


/ 


/ 




/ 


/ 


/ 


A3 


+ 


6V 


+++ 


C 










A4 


+ 


/ 


/ 


/ 




/ 


/ 


/ 


A5 


+ 


10 V 


++ 


c 




4 


+ 


B 


A6 


+ 


10 V 


+ 


B 




/ 


/ 


/ 



1 .5. Preparation of the Thin Film Inorganic Light Emitting Diodes on Orgacon™: 



[0058] Instead of ITO, the transparent conductive film Orgacon (coated poly(3,4-ethylenedioxythiophene)/polysty- 
rene sulphonic acid complex on a PET substrate), trade mark of Agfa-Gevaert, was used for the device construction. 
The device construction is similar as depicted in figure 1, with Orgacon™ in stead of ITO. 

[0059] An Orgacon foil was cut into 6 cm x 6 cm samples. Subsequently, the resist A2721 7 (Clariant) was spincoated 
on the samples and baked for 30 minutes at 90°C. The dry layer thickness was about 2-3 u.m. This treatment was 
followed by an UV-exposure through a mask (ca 1 minute at 4mW/cm 2 ), in order to illuminate the middle part (6 cm X 
3 cm) of the resist, according to the ITO pattern of figure 1 . The sample was then given a prebake for 45 seconds at 
1 1 0°C and followed by a development step for 40 seconds in the AZ351 B developer (Clariant). In order to obtain good 
adhesion a pre-exposure bake for 30 minutes at 110°C was given. Subsequently, the non-protected areas at the two 
borders were desactivated by dipping the sample in a 1% NaCIO solution for 20 seconds. This step was followed by 
rinsing with water and drying. Then, a full plane exposure for 1 minute at 4 mW/cm 2 was given and the resist was 
removed by developing in isopropanol for 90 seconds. Subsequently, the samples were washed with water and dried. 
The resulting material comprises a conductive area (ca 1500 Ohm/Sq) in the middle of the material with dimensions 
6 cm x 3 cm, similar as is depicted in figure 1 for the ITO samples. 

[0060] Subsequently the coating dispersions were spincoated on this substrate. The dry layer thickness varied be- 
tween 150 and 400 nm depending on the binder and the rotation frequency of the spincoater. A 300 nm thick aluminum 
electrode (cathode) was vacuum deposited on the spincoated ZnS:Cu/binder layer at 10' 6 Torr through a mask. The 
emission area was 25 mm 2 . 

[0061] The device was driven at different direct current bias voltages. Table III lists the turn-on voltages at which 
green electroluminescence at 515 nm was observed. The electroluminescence started as soon as currents of 5 - 15 
mA were attained. This currents correspond to an exponential offset of the l/V-curve (diode behaviour). Life times are 
listed more quantitatively: A means EL light was only observed for less then 5 seconds, B means It was observed 
between 5 seconds and 3 minutes and C means that the electroluminecence could be observed for longer then 3 
minutes. 



Table III: 



ILEDs on Orgacon 


Sample 


Bias 


Turn-on 
Voltage 


EL 

Brightness 


Life Time 


Bias 


Turn-on 
Voltage 


EL 

Brightness 


Life Time 


A2 (Org.) 


+ 


6 V 


++ 


B 




/ 


/ 


/ 


A3 (Org.) 


+ 


7V 


+ 


A 




/ 


/ 


/ 


A7 (Org.) 


+ 


4 V 


+++ 


C 




/ 


/ 


/ 


A8 (Org.) 


+ 


4V ; 


++ 


B 




/ 


/ 


/ 
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2. Green emitting single layer ILEDs 

2.1 . Preparation of the Zn(Cu(10%))S- dispersion : 
[0062] The following solutions were prepared : 



Solution 4 




Na 2 S.9H 2 0 
NaOH (50%) 


154.2 g 
3.6 ml 


Water 


to 600 ml 



Solution 5 




CuCI 2 
Water 


8.53 g 
to 800 ml 



[0063] The ZnS:Cu dispersion was prepared as follows : 

[0064] To solution 5, stirred at 1500 rpm at room temperature, was firstly added 4.5 ml of solution 4. Subsequently, 
solutions 1 and 4, both held at room temperature, were added simultaneously at a flow rate of 500 ml/min to solution 
5. This is the predispersion B comprising ZnS:Cu - particles. 

2.2. Washing of the Zn(Cu)S - dispersion : 

[0065] To 1000 ml of predispersion B, 1000 ml of a 2% Na-polyphosphate solution in water was added and this 
dispersion was diaf iltrated through a Fresenius F60 cartridge. The dispersion was concentrated to 1 000 ml and washed 
at this level by using 6000 ml of a 2% solution of Na-polyphosphate in water. 

[0066] After the washing, this dispersion was concentrated by means of the diaf iltration set-up to a concentration of 
about 35 g ZnS/l. Subsequently, 1 ml of a 12.5% solution of Saponine Quillaya (Schmittmann) in water/ethanol (80/20) 
solution per 20 ml dispersion was added. This is dispersion B. 

[0067] The dispersion was analysed for its particle size distribution (weight average d wa ) with the Disc Centrifuge 
Photosedimentometer Brookhaven BI-DCP. A weight average particle size diameter of about 112 nm was obtained. 

2.3. Making of the coating dispersions : 

[0068] To dispersion B, a binder was added according to table IV, in order to stabilize further the dispersion and allow 
for an homogeneous coating. 



Table IV: 



Coating dispersion 


Dispersion B 


Binder 


Theoretical volume ratio ZnS/ 
Polymer in the layer 


B1 


18.96 ml 


1 .04 ml ml of a 5% polyvinylalcohol 
(POLYVIOL W40; Wacker Chemie) 
in water 


80/20 


B2 


18.96 ml 


1 .04 ml of a 5 % Polyvinylpyrrolidone 
(LUVISKOL K-90; BASF) 


80/20 



2.4. Preparation of the Thin Film Inorganic Light Emitting Diodes : 



[0069] ITO on a PET substrate (1 75 u.m) with a surface conductivity of about 80 Ohm/Sq was patterned as described 
in example 1 . Subsequently the coating dispersions were spincoated on this substrate. The dry layer thickness varied 
between 1 50 and 400 nm depending on the binder and the rotation frequency of the spincoater. A300 nm thick aluminum 
electrode (cathode) was vacuum deposited on the spincoated ZnS:Cu/binder layer at 1 0" 6 Torr through a mask. The 
emission area was 25 mm 2 . 

[0070] The device was driven at differ nt direct current bias voltages. Table V lists the turn-on voltages at which 
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green electroluminescence at 515 nm was observed. 



Table V: 



Sample 


Bias 


Turn -on 


EL 


Life Time 


Bias 


Turn-on 


EL brightness 


Life time 






Voltage 


Brightness 






Voltage 






B1 


+ 


8 V 


+ 


B 




/ 


/ 


/ 


B2 


+ 


7V 


+ 


A 




/ 


/ 


/ 



3. Green emitting single layer ILEDs 



3.1 . Preparation of the Zn(Cu(20%))S- dispersion : 
[0071] The following solutions were prepared : 



Solution 6 




Na2S.9H 2 0 
NaOH (50%) 
Water 


21 0.3 g 
4.6 ml 
to 600 ml 



Solution 7 




CuCI 2 
Water 


17.05 g 
to 800 ml 



[0072] The ZnS:Cu dispersion was prepared as follows : 

[0073] To solution 7, stirred at 1 500 rpm at room temperature, was firstly added 0.66 ml of solution 6. Subsequently, 
30 solutions 1 and 6, both held at room temperature, were added simultaneously at a flow rate of 500 ml/min to solution 
7. This is the predispersion C comprising ZnS:Cu - particles. 

3.2. Washing of the Zn(Cu)S - dispersion : 

35 [0074] To 1000 ml of predispersion C, 1000 ml of a 2% Na-polyphosphate solution in water was added and this 
dispersion was diafiltrated through a Fresenius F60 cartridge. The dispersion was concentrated to 1 000 ml and washed 
at this level by using 6000 ml of a 2% solution of Na-polyphosphate in water. 

[0075] After the washing, this dispersion was concentrated by means of the diaflltration set-up to a concentration of 
about 35 g ZnS/l. Subsequently, 1 ml of a 12.5% solution of Saponine Quillaya (Schmittmann) in water/ethanol (80/20) 
40 solution per 20 ml dispersion was added. This is dispersion C. 

[0076] The dispersion was analysed for its particle size distribution (weight average d wa ) with the Disc Centrifuge 
Photosedimentometer Brookhaven BI-DCP. A weight average particle size diameter of about 138 nm was obtained. 

3.3. Making of the coating dispersions : 

45 

[0077] To 1 8.96 ml of dispersion C, 1 .04 ml ml of a 5% polyvinylalcohol (POLYVIOL W40; Wacker Chemie) in water 
was added in order to stabilize further the dispersion and allow for an homogeneous coating. 

3.4. Preparation of the Thin Film Inorganic Light Emitting Diodes : 

so 

[0078] ITO on a PET substrate (1 75 \im) with a su rface conductivity of about 80 Ohm/Sq was patterned. Subsequently 
the coating dispersion was spincoated on this substrate. The dry layer thickness varied between 1 50 and 400 nm 
depending on the binder and the frequency of the spincoater. A 300 nm thick aluminum electrode (cathode) was vacuum 
deposited on the spincoated ZnS:Cu/binder layer at 1a 6 Torr by a mask. The emission area was 25 mm 2 . 
55 [0079] The device was driven at different direct current bias voltages. Table VI lists the turn-on voltages at which 
green electroluminescence at 515 nm was observed. 
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Table VI: 



Sample 


Bias 


Turn-on 


EL 


Life Time 


Bias 


Turn-on 


EL brightness 


Life time 






Voltage 


Brightness 






Vottage 






C 


+ 


4 V 


+ 


C 




/ 


/ 


/ 



4. Orange-yellow single layer ILED 



4.1. preparation of ZnS:Mn,Cu dispersion : 
[0080] The following solutions were prepared : 



Solution 8 




ZnCI 2 .2H 2 0 

Mn(Acetate) 2 .4H 2 0 

Water 


81.76 g 
4.85 g 
to 600 ml 



Solution 9 




Na 2 S.9H 2 0 
NaOH (50%) 
Water 


154.2 g 
3.9 ml 
to 600 ml 



Solution 1 0 




CuCI 2 
Water 


8.53 g 
to 800 ml 



[0081] The ZnS:Mn,Cu predispersion was prepared as follows : 

[0082] To solution 10, stirred at 1500 rpm at room temperature, was firstly added 0,5 ml of solution 9. Subsequently, 
solutions 8 and 9, both held at room temperature, were added simultaneously at a flow rate of 500 ml/min to solution 
1 0. This is the predispersion D comprising ZnS:Mn,Cu - particles. 

4.2. Washing of the ZnS:Mn,Cu - dispersion : 

[0083] To 1000 ml of predispersion D, 1000 ml of a 2% Na-polyphosphate solution in water was added and this 
dispersion was diaf ittrated through a Fresenius F60 cartridge. The dispersion was concentrated to 1 000 ml and washed 
at this level by using 6000 ml of a 2% solution of Na-polyphosphate in water. 

[0084] After the washing, this dispersion was concentrated by means of the diaf iltration set-up to a concentration of 
about 35 g Zn(Mn,Cu)S/l. Subsequently, 1 ml of a 1 2.5% solution of Saponine Quillaya (Schmittmann) in water/ethanol 
(80/20) solution of per 20 ml dispersion was added. This is dispersion D. 

[0085] The dispersion was analysed for its particle size distribution (weight average d wa ) with the Disc Centrifuge 
Photosedimentometer Brookhaven Bl-DCP. A weight average particle size diameter of about 1 00 nm was obtained. 

4.3. Making of the coating dispersions : 

[0086] To dispersion D, a binder was added according to table Vlt, in order to stabilize further the dispersion and 
allow for a homogeneous coating. 
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Table VII: 



5 


Coating dispersion 


Dispersion D 


Binder 


Theoretical volume ratio ZnS/ 
Polymer in the layer 




D1 


6.7 ml 


13.3 ml of a 5% polyvinylalcohol 
(POLYVIOL W40; Wacker Chemie) 
in water 


10/90 


10 


D2 


16.4 ml 


3.6 ml of a 5% polyvinylalcohol 
(POLYVIOL W40; Wacker Chemie) 
in water 


50/50 


15 


D3 
D4 


18.96 mi 
6.7 ml 


1 .04 ml ml of a 5% polyvinylalcohol 
(POLYVIOL W40; Wacker Chemie) 
in water 

13.3 ml of a 5 % Polyvinylpyrrolidon 
(LUVISKOL K-90; BASF) 


80/20 
10/90 


20 


D5 


16.4 ml 


3.6 ml of a 5 % Polyvinylpyrrolidone 
(LUVISKOL K-90; BASF) 


50/50 


D6 


18.96 ml 


1 .04 ml of a 5 % Polyvinylpyrrolidone 
(LUVISKOL K-90; BASF) 


80/20 



4.4. Preparation of the Thin Film Light Emitting Diodes on ITO: 

25 

[0087] ITO on a PET substrate (1 75 u.m) with a surface conductivity of about 80 Ohm/Sq was patterned. Subsequently 
the coating dispersions were spincoated on this substrate. The dry layer thickness varied between 150 and 400 nm 
depending on the binder and the rotation frequency of the spin coater. A 300 nm thick aluminum electrode (cathode) 
was vacuum deposited on the spincoated ZnS:Mn,Cu/binder layer at 10~ 6 Torr by a mask. The emission area was 25 
20 mm 2 . 

[0088] The device was driven at different direct current bias voltages. Table VIII lists the turn-on voltages at which 
orange-yellow electroluminescence at 590 nm was observed. Fig. 5 represents the l/V curve of sample D5. 



Table VIII: 



ILEDs on ITO 


Sample 


Bias 


Turn-on 
Voltage 


EL 

Brightness 


Life Time 


Bias 


Turn-on 
Voltage 


EL brightness 


Life time 


D1 


+ 


5 V 


+ 


B 










D2 




5 V 


+ 


B 










D3 


+ 


5 V 


+++ 


B 










D4 


+ 


8 V 


+ 


B 










D5 


+ 


11 V 


+++ 


C 










D6 


+ 


4V 


+-M- 


B 




4 V 







4.5. Preparation of the Thin Film Light Emitting Diodes on Orgacon™. : 



[0089] Orgacon™ samples with a surface conductivity of about 80 Ohm/Sq were patterned as described in example 
1. Subsequently the coating dispersions were spincoated on this substrate. The dry layer thickness varied between 
150 and 400 nm depending on the binder and the rotation frequency of the spin coater. A 300 nm thick aluminum 
electrode (cathode) was vacuum deposited on the spincoated ZnS:Mn,Cu/binder layer at 10' 6 Torr by a mask. The 
emission area was 25 mm 2 . 

[0090] The device was driven at different direct current bias voltages. Table IX lists the tum-on voltages at which 
orange-yellow electroluminescence at 590 nm was observed. 
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Table IX: 



ILEDs on Orgacon™ 


Sample 


Bias 


Turn-on 
Voltage 


EL 

Brightness 


Life Time 


Bias 


Turn -on 
Voltage 


EL brightness 


Life time 


D1 (Org.) 


+ 


4V 


+4- 


C 










D2 (Org.) 


+ 


4 V 


++ 


C 










D3 (Org.) 


+ 


4 V 


+-H- 


c 










D4 (Org.) 


+ 


4 V 


+++ 


B 










D5 (Org.) 


+ 


6 V 


+++ 


C 










D6 (Org.) 




4 V 


+++ 


C 











5. Orange-yellow and green emitting double layer ILED 



5.1 . Preparation of the Cu y S- and ZnS-, ZnS:Mn and ZnS:Cu dispersions : 
[0091] The following solutions were prepared : 



Solution 11 




Water 


600 ml 



Solution 12 




CuCl 2 .2H 2 0 
Water 


37.5 g 
to 600 mf 



Solution 13 




Thioglycerol 
Water 


50 ml 
to 800 ml 



Solution 14 




Zn(acetate) 2 .2H 2 0 
Mn(acetate) 2 .4H 2 0 
Water 


150.4 g 
4.85 g 
to 600 ml 



Solution 15 




5-methyl-1 ,2,4-triazolo-(1 ,5-a)-pyrimidine-7-ol 
Water 


60 g 

to 800 ml 



50 



Solution 16 




Zn(acetate) 2 .2H 2 0 
Na 4 EDTA 
Cu(acetate) 2 .4H 2 0 
Water 


131.7g 
12g 
54 mg 
to 600 ml 
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Solution 17 




Na 2 S.9H 2 0 
NH 3 (26%) 
Water 


113.6 g 
5 ml 

to 600 ml 



Solution 1 8 




5-m ethyl- 1 ,2,4-triazolo-(1 ,5-a)-pyrimidine-7-ol 

NaCI 

Water 


40 g 
58.44 g 
to 600 ml 



15 [0092] The ZnS-dispersion was prepared as follows: 

[0093] To solution 11 , stirred at 1500 rpm at room temperature solutions 1 and 2, both held at room temperature, 
were added simultaneously at a flow rate of 500 ml/min. This is the predispersion E comprising ZnS - particles. 
[0094] The CU x S-dispersion was prepared as follows: 

[0095] To solution 13, stirred at 1500 rpm at room temperature solutions 2 and 12, both held at room temperature, 
20 were added simultaneously at a flow rate of 500 ml/min. This is the predispersion F comprising Ci^S - particles. 
[0096] The ZnS:Mn-dispersion was prepared as follows: 

[0097] To solution 15, stirred at 1500 rpm at 80°C solution 2 and 14, both held at room temperature, were added 
simultaneously at a flow rate of 500 ml/min. This is the predispersion G comprising ZnS:Mn - particles. 
[0098] The ZnS: Cu (0.05%) dispersion was prepared as follows: 
25 [0099] To solution 1 8, stirred at 1 500 rpm at room temperature solutions 1 6 and 1 7, both held at room temperature, 
were added simultaneously at a flow rate of 500 ml/min. This is the predispersion H comprising ZnS:Cu - particles. 

5.2. Washing of the ZnS-, Cu„S-, ZnS:Mn and ZnS:Cu - dispersions: 

30 [0100] To 1 000 ml of predispersions E, G and H, 1 000 ml of a 2% potyphosphoric acid solution in water was added 
and this dispersion was diafiltrated through a Fresenius F60 cartridge. The dispersion was concentrated to 1 000 ml 
and washed at this level by using 5000 ml of a 2% solution of polyp hosphoric acid in water. 

[0101 ] After the washing, this dispersion was concentrated by means of the diaf iltration set-up to a concentration of 
about 40 g ZnS/l. Subsequently, 1 ml of a 1 2.5% solution of Saponine Quillaya (Schmittmann) in water/ethanol (80/20) 
35 solution of per 20 ml dispersion was added. These are dispersions E, G and H. 

[0102] To 1000 ml of predispersion F, 1000 ml of a 5% thioglycerol solution in water was added and this dispersion 
was diafiltrated through a Fresenius F60 cartridge. The dispersion was concentrated to 1000 ml and washed at this 
level by using 5000 ml of a 5% solution of thioglycerol in water. 

[0103] After the washing, this dispersion was concentrated by means of the diaf iltration set-up to a concentration of 
40 about 40 g Cu x S/l. Subsequently, 1 ml of a 1 2.5% solution of Saponine Quillaya (Schmittmann) in water/ethanol (80/20) 
solution of per 20 ml dispersion was added. This is dispersion F. 

[0104] The dispersions were analysed for their particle size distribution with the Disc Centrifuge Photosedimentom- 
eter Brookhaven BI-DCP. A weight average particle size diameter of less ten 1 00 nm was found for all the dispersions. 

45 5.3. Preparation of the Thin Film Inorganic Light Emitting Diodes : 

[0105] ITO on a PET substrate (175 u/n) with a surface conductivity of about 80 Ohm/Sq was patterned. Subsequently 
dispersion F was spincoated on this substrate twice at 1 000 rpm. Three samples were prepared. Subsequently on 
these samples, dispersions E, H and G were spincoated on top twice also at 1 000 rpm. All dispersions were applied 
so without the addition of a binder. A 300 nm thick aluminum electrode (cathode) was vacuum deposited on the spincoated 
double layers at 1 0- 6 Torr through a mask. The emission area was 25 mm 2 . 

[0106] Table X lists the results of these double layer diodes. Fig. 6 represents the l/V curve of sample E3. Although 
sample E1 (Cu x S + ZnS) showed a nice diode behaviour, no electroluminescence could be observed. 



Table X: 



Sample 


Layer 1 


Layer 2 


Bias 


Turn-on Voltage 


EL Brightness 


Emission X 


Life Time 


E1 


Disp F 


Disp E 


+ 
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Table X: (continued) 



Sample 


Layer 1 


Layer 2 


Bias 


Turn-on Voltage 


EL Brightness 


Emission X 


Life Time 


(contr.) 


(C Ux S) 


(ZnS) 












E2 
(inv.) 


Disp F 
(C Ux S) 


Disp G 
(ZnS:Mn) 


+ 


10 V 


+ 


590 nm 


B 


E3 
(inv.) 


Disp F 
(Cu x S) 


Disp H 
(2nS:Cu) 


+ 


11 V 




515 nm 


B 



6. Orange-yellow and green emitting single layer ILEDs 

[0107] To 16.4 ml of dispersions E, F, G and H, respectively 3.6 ml of a 5 % polyvinylpyrrolidone (LUVISKOL K-90; 
BASF) was added. These are dispersions E\ F, G 1 and H* 

[0108] Dispersion P was subsequently mixed according to table XI with dispersions E', G' and H' and the devices 
were made according to the description of example 1 (1 .4). 



Table XI 



Sample 


Dispersion X' 


Ratio of F'/X 1 


EL brightness at forward bias 


Turn-on Voltage 


F1 

(contr.) 


E' 


50/50 






F2 
(inv.) 


H' 


50/50 


++ (515 nm) 


9 V 


F4 

(inv.) 


G' 


10/90 


+ (590 nm) 


5 V 


F5 
(inv.) 


G' 


25/75 


++ (590 nm) 


12 V 


F6 
(inv.) 


G' 


50/50 


+ (590 nm) 


10 V 


F7 

(inv.) 


G' 


75/25 


+ (590 nm) 


6 V 


F8 

(inv.) 


G* 


90/10 


+ (590 nm) 


4 V 


F9 
(inv.) 


G' 


100/0 







Claims 

1. A method for manufacturing a Thin Film Inorganic Light Emitting Diode device, said method comprising following 
steps: 
either, 

(1) preparing a nanoparticle dispersion comprising together ZnS doped with a luminescent centre (n-type 
semiconductor) and Cu x S (p-type semiconductor) by precipitation from appropriate aqueous solutions of the 
respective ions, 

or, 

(V) preparing a first separate nanoparticle dispersion of ZnS doped with a luminescent centre (n-type semi- 
conductor) and a second separate nanoparticle dispersion of Cu x S (p-type semiconductor), both by precipi- 
tation from appropriate aqueous solutions of the respective ions, 

(2) washing the dispersion prepared according to (1) or both dispersions prepared according to (1 ') to remove 
non-precipitated ions, 

(3) coating onto a first conductive electrode the dispersion resulting from steps (1 ) and (2), or a mixture of the 
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dispersions resulting from steps (V) and (2) in one and the same layer, or the separate dispersions resulting 
from steps (1 ') and (2) in two separate layers, 

(4) applying on top of said coated layer(s) resulting from step (3) a second conductive electrode, with the 
proviso that at least one of said first and second electrodes is transparent. 

5 

2. A method according to claim 1 wherein said luminescent centre in doped ZnS is Cu. 

3. A method according to claim 1 wherein said luminescent centre in doped ZnS is Mn. 

10 4. A method according to any of claims 1 to 3 wherein the washing of the dispersion(s) obtained by steps (1) or (V) 
is performed by diafiltration and/or ultrafiltration. 

5. A method according to claim 4 wherein said diafiltration is performed in the presence of a compound preventing 
agglomeration of nanop articles. 
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6. A method according to claim 5 wherein said compound preventing agglomeration of nanoparticles is a polyphos- 
phate or polyphosphoric acid. 

7. A method according to claim 5 wherein said compound preventing agglomeration of nanoparticles is thioglycerol. 
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8. A method according to claim 5 wherein said compound preventing agglomeration of nanoparticles is a hexamet- 
aphosphate. 

9. A method according to any of claims 1 to 8 wherein said precipitation(s) according to steps (1) or (V) Is (are) 
25 performed according to the double jet principle. 

10. A method according to any of claims 1 to 9 wherein said first conductive electrode is an ITO electrode. 

11. A method according to any of claims 1 to 10 wherein said second conductive electrode is an aluminum electrode 
30 applied by vacuum deposition. 

12. A Thin Film Inorganic Light Emitting Diode device manufactured according to the method of any of the previous 
claims. 



40 



45 



so 



55 



17 



EP 1 231 250 A1 



Alu( evaporated) 
ZnS/Cu x S/Btnder 

ITO 
PET 



FIG. 1a 



22 r21 



\ 22 




r 21 








i i — 1 



FIG. 1e 



32 



21 
20 




ITO 

FIG. 1b 



l/V source 



■ 



J7 

-22 
-20 



ZnS/Cu x S 

FIG. 1c 



— 1 


























\ \ 




Alu 

FIG. 1d 



18 



EP 1 231 250 A1 




EP 1 231 250 A1 




FIG. 3 



20 



EP 1 231 250 A1 




Voltage (V) 



21 



EP 1 231 250 A1 




EP 1 231 250 A1 




EP 1 231 250 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 00 0006 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION QntCl.7) 



DATABASE WPI 

Section Ch, Week 199950 

Oerwent Publications Ltd., London, GB; 

Class L03, AN 1999-586196 

XP0Q2168887 

& JP 11 256150 A (TOSHIBA KK), 
21 September 1999 (1999-09-21) 

* abstract * 

BRED0L M ET AL: "ZNS PRECIPITATION: 
MORPHOLOGY CONTROL" 

JOURNAL OF MATERIALS SCIENCE , GB , CHAPMAN 
AND HALL LTD. LONDON, 
vol . 33, no. 2, 

15 January 1998 (1998-01-15), pages 
471-476, XP000731083 
ISSN: 0022-2461 

* the whole document * 

CHEMICAL ABSTRACTS, vol. 129, no. 6, 
10 August 1998 (1998-08-10) 
Columbus, Ohio, US; 
abstract no. 73962, 

VACASSY, R. ET AL: "Nanostructured zinc 

sulfide phosphors" 

XP002169033 

* abstract * 

& MATER. RES. S0C. SYMP. PR0C. (1998), 
501 (SURFACE-CONTROLLED NAN0SCALE MATERIALS 
FOR HIGH-ADDED-VALUE APPLICATIONS), 
369-374 , 



-/- 



1-12 



C09K11/06 
C01G9/08 



1-12 



1-12 



TECHNICAL FIELDS 
SEARCHED (lntCI.7) 



C09K 
C01G 



Trie present search report has been drawn up for ali claims 



Pace oJ search 

THE HAGUE 



Dais ei eanpieUon ol the a«arch 

7 June 2001 



Examinci 

Lehnert, A 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly reievanl H combined with another 

document ol the same category 
A : technological background 
O : non-wttten disclosure 
P: 



T : theory or principle underlying the Invention 
E : eartiar patent document, but published on. or 

after the fifing date 
D : document eked in the application 
L : document cited tor other reasons 



& . member of the s 
document 



a patent tamiry. corresponding 



24 



EP 1 231 260 A1 



European Patent 
Offiet 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 00 0006 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with hdlcaBon, where appropriate, 
of relevant passages 



to claim 



CLASSIFICATION Of THE 
APPLICATION (IfttCl.T) 



LI J ET AL: "NAN0SIZED ZINC SULFIDE 
OBTAINED IN THE PRESENCE OF CAT IONIC 
SURFACTANTS" 

ADVANCED MATERIALS, 0E,VCH 
VERLA6SGESELLSCHAFT , WEINHEIM, 
vol. 10, no. 12, 

20 September 1998 (1998-09-20), pages 
946-949, XP000781125 
ISSN: 0935-9648 

* the whole document * 

US 6 129 986 A (NISHIKAWA SATOSHI ET AL) 
10 October 2000 (2000-10-10) 

* column 6, line 7 - line 9; example 1 * 



1-12 



1-12 



TECHNICAL FIELDS 
SEARCHED QntJCl.7) 



The present search report has been drawn up for all claims 



Poos of search 



THE HAGUE 



D*o of completion o» tna aearah 

7 June 2001 



Eiarmw 

Lehnert, A 



CATEGORY OF CITED DOCUMENTS 

X : partteutarty relevant II taken atone 

Y • particularly relevant 0 combined with another 

document of the same category 
A : lechfiotogjca! background 

O: 
P: 



T : theory or prlncipte undertytng the Invention 
E : earfter patent document, but published on. or 

after the Blinc. date 
O : document cried in the application 
L : document cited tor other reasons 



& : member of the same patent larniry, corresponding 
document 



25 



EP 1 231 250 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 00 0006 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of Information. 

07-06-2001 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(a) 



Publication 
date 



JP 11256150 



21-09-1999 



NONE 



US 6129986 



10-10-2000 



OP 10245548 A 



14-09-1998 



i For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



26 



